Third-order nonlinear optical effects in photonic microcavities are studied. Significant light defocusing in the thin nonlinear microcavity spacer was observed. The polarization self-action effect was detected, when the large nonlinear polarization rotation angle arises when exciting the microcavity mode, being proportional to the radiation intensity.
Photonic crystals and microcavities (MC), structures with the periodic modulation of the refraction index, possessing the photonic bandgap (PBG), became recently object of the intensive studies [1] , [2] , [3] . MCs with the microcavity mode inside the PBG provide conditions for the light to propagate inside the MC without the decrement, when the mode is excited. MCs with the nonlinear MC spacer are promising objects for the nonlinear optics, while one can expect the significant enhancement of the nonlinear-optical effects due to the light localization and its multipassing propagation. Light localization in the MC spacer leads to the optical field enhancement, while the multipassing can be described in terms of effective increase of the thickness of the active layer. The enhancement of the parametric nonlinear-optical effects was observed for the second [4] , [5] and third [6] harmonic generation.
In this paper the nonparametric third-order nonlinearoptical effects in MCs are studied, namely, self-action effects, which relate to the refractive index dependence on the light intensity. The significant self-defocusing of light and self-induced polarization rotation were observed in the nonlinear dielectric layer, its thickness being much smaller than the radiation wavelength.
The samples studied were sputtered on the fused silica substrate, starting from the one-dimensional photonic crystal of 5 pairs of (SiO 2 /Ta 2 O 5 ) layers, optical thickness of each layer corresponding to the λ/4, where λ is the wavelength of the microcavity mode at normal incidence. Then the λ/2 MC spacer of polycrystalline bismuthdoped yttrium-iron garnet was sputtered, as thick as 225 nm, which corresponds to the λ ≃ 890 nm. The second photonic crystal mirror, identical to the first one, was deposited at the top of the structure. Fig. 1 represents the MC transmission spectrum at the 45 0 of incidence. Low transmission in the region of 650-900 nm (< 0.1) is attributed to the PBG of the MC mirrors, while the narrow peak at the ≃ 830 nm corresponds to the MC mode with the quality factor Q MP ≃ 75 [7] .
When studying the third-order nonlinear effects the sample was excited by the radiation of the femtosecond Ti:Sapphire oscillator with the pulsewidth of 80 fs, repetition rate of 82 MHz, average power of 150 mW and wavelength of 830 nm. Angle of incidence was about 45 0 , in order to excite the microcavity mode.
For the third-order effect study the closed-aperture zscan method was used, first suggested in [8] . The scheme of the experimental setup used is shown at Fig. 2 ,a. Laser radiation passed through the Glan prism was focused on the sample by the lens with F = 6 cm, while the sample was translated along the beam direction by means of the step motor in the vicinity of the lens focal plane, effectively changing the power density of the laser radiation exciting the sample.
When studying self-action the radiation transmitted through the MC was cut off with the diaphragm and the red filter and then registered by the photodiode. We measured the normalized transmittance T against the sample position with respect to the lens focal plane z, where z = 0 corresponds to the focal plane, and T = 1 denoted the transmission far away from z = 0. Fig. 2 ,b shows the T (z) dependence obtained. The light defocusing was therefore observed, being determined by the intensity-dependent refractive index as fol-lows: n(I) = n 0 + n ef f 2 I = n 0 + n 2 Q 2 I, where n 0 is the refractive index of the nonlinear layer, and n ef f 2 denotes the effective nonlinear refraction coefficient. The n ef f 2 value is determined by the real part of third-order susceptibility χ (3) = n0n2 3π and the MC quality factor Q. The latter leads to the intensity of light increase in the nonlinear MC spacer due to the the multibeam interference and multipassing propagation. The effective nonlinear refractive coefficient obtained was n ef f 2 = −(3.9 ± 0.6) · 10 −9 cm 2 /W, being much larger than the typical value. The n ef f 2 /n 2 ratio can be as large as four orders of magnitude in our samples.
To study the polarization rotation dependence on the light intensity the polarization-sensitive open-aperture zscan modification was developed. In this scheme (see Fig. 2 ,c) the normalizing dependence T (z) should first be measured, referred below as I 0 (z). Open-aperture zscan here means that no diaphragm is needed any more in contrast with the closed-aperture z-scan method described above. Further, the transmitted radiation was partially cut-off by another Glan prism with its axis directed at the +45 0 or −45 0 with respect to the first one (see scheme), and the dependences I + (z), I − (z) were obtained. Finally, the polarization rotation angle was determined using the following equation:
In the similar way the linear polarization rotation angle spectrum was obtained, when the light intensity is low and all the nonlinearities are negligible. The bulb was used as a radiation source, and the wavelength λ substitutes the sample position z in (1). The spectrum obtained is presented at the inset of the Fig. 3 . For the radiation exciting the microcavity mode the linear polarization rotation angle was found to be (4.3 ± 0.3) 0 . The rotation can be attributed to the birefringence of the microcavity spacer. Fig. 3 shows the dependence of the nonlinear contribution into the total rotation angle |∆θ(λ)| = |θ(λ)−θ 0 | on the radiation intensity. The clear linear dependence obtained allows to conclude that the effect observed is third-order.
The polarization rotation can be driven by the birefringence expected in the MC spacer. Following [7] , the sample preparation technique leads to the refractive index anisotropy along the normal direction with respect to the layer plane, so the MC spacer becomes singleaxis birefringent. In this case the birefringence should be function of the angle of incidence. The transmittance spectra of the MC were measured at different angles of incidence for two orthogonal beam polarizations. Inset at the Fig. 4 shows the MC mode spectral position dependence on the angle of incidence; in the Fig. 4 the effective birefringence ∆n = n p − n s angular spectrum is presented, where n p , n s are the refraction indices for the p− and s−polarized radiation. According to [9] , birefringence leads to the polarization plane rotation, with the angle of rotation being proportional to the birefringence value. When using the same formula for the n p , n s indices, one can obtain:
The large effect magnitude can also be attributed to the MC nature of the sample, as well as the light selfdefocusing. Let us consider the homogeneous film of bismuth-doped YIG the same thickness as the MC spacer in the sample studied; if the linear polarization rotation angle is θ 0 , in the nonlinear case the intensity dependence arises, which can be described by θ = θ 0 + θ 2 I 0 , where I 0 is the light intensity inside the film and also the laser beam intensity, and θ 2 represents the thirdorder contribution. In MC structure one can expect that multipassing propagation will enhance the effect magnitude by Q times. Finally, one should obtain θ MC = Q(θ 0 + θ 2 I MC ) = Q(θ 0 + Qθ 2 I), due to the field intensity inside the MC also exhibits enhancement. So the third-order contribution enhancement factor appears to be about Q 2 , or four orders of magnitude, as well as n 2 effective contribution.
In conclude, the light defocusing was observed in the nonlinear microcavity; the effective nonlinear contribution into the refractive index at 830 nm wavelength was found to be n ef f 2 = −(3.9 ± 0.6) · 10 −9 cm 2 /W, being much larger than the typical n 2 value. The nonlinear contribution into the polarization rotation angle was also observed in the vicinity of the MC mode. The polarization effect was shown to origin from the birefringence of the MC spacer.
We would like to note that the MC layer in our sample is made of ferromagnetic material, so one can also expect the magnetic contribution into the self-action of light or the polarization rotation (nonlinear Faraday rotation, [10] ). In this case the non-diagonal dielectric permeability component should have the nonlinear (intensitydependent) contribution as well.
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